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(57) Abstract: It is described an acceleration and focalization unit (3) of ion implanters used in the production of semiconductor 
O devices, comprising a metallic envelope (5) capable of defining the trajectory, around a longitudinal axis (X-X), of an ion beam (10) 
^ of a doping material in order to direct this onto a target in a process chamber (4) downstream said unit (3), wherein the inner surface of 
^ said envelope is essentially totally coated by a thin layer (8) of a non-evaporable getter material, preferably deposited by sputtering. 
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ACCELERATION AND FOCALIZATION UNIT WITH IMPROVED VACUUM FOR ION EMPLANTERS 



5 The present invention relates to the ion implanters used in the production of 

semiconductor devices, and in particular to the unit of acceleration and 
focalization of the beam of doping ions to be implanted in the target, made for 
instance of silicon. 

The ion implantation technique is used with increasing success to introduce 

10 controlled amounts of doping materials in semiconductor materials, in particular 
silicon. Doping species are introduced in gaseous form in an ion source, where the 
gas is ionized; subsequently the thus formed ions are extracted from the source 
using an electrode. The useful ions for target bombardment are then selected by 
means of a suitable magnet that deflects the trajectory of the single ions 

15 depending on their atomic mass. The selected ions are finally accelerated and 
focalized in a specific unit of the apparatus, upstream the process chamber where 
impact over the target, generally a silicon wafer, takes place. The specific areas of 
the target to be doped are selected by means of a suitable mask of photoresist 
material, directly deposited over the wafer. 

20 Despite this technique requires complex and costly apparatuses, it is broadly 

used in view of the advantages it offers compared to alternative techniques. A first 
advantage is that ion implantation is characterized by an excellent reproducibility 
of results, with precision of the hit area and uniformity of depth and profile of 
implantation, that may be controlled through the energy of ions: typical energy 

25 values are comprised between 3 KeV and 2 MeV for implantation depths 
comprised between 100 A and 1 |im. Secondly, process temperatures in ion 
implantation are comprised between ambient temperature and 125 °C, while the 
alternative technique, in which the dopants are caused to diffuse into the 
semiconductor substrate through a thermal treatment, requires much higher 

30 temperatures, in the range comprised between 900 and 1,200 °C. For selected 
semiconductor compounds such as GaAs, ion implantation is the only available 
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method of selective doping, because the temperatures involved in the thermal 
diffusion technique would cause the melting of the substrate material. 

Another important advantage offered by the technique is that no impurities 
are implanted, thus allowing a precise control of the resulting semiconductor 

5 devices. In case gaseous impurities are present in the gas in the ion source, these, 
once ionized, do not proceed towards the process chamber thanks to the selective 
action of the ions separating magnet Moreover, in case non-ionized gaseous 
impurities enter the acceleration chamber, this latter is contaminated, but the 
impurities cannot reach the target, coming to collide with a suitable trap provided 

10 to collect the neutral particles beam before the ion beam hits the wafer. 

The presence of gas phase impurities may however cause indirect 
reproducibility problems. In any acceleration or deceleration scheme, the ions 
may change their energy due to impacts with remainder gas particles present on 
the ion beam trajectory. Also, in these impacts an ion may be neutralized. The 

15 resulting neutral species maintains its kinetic energy and continues the travel 
towards the wafer; anyway, if this happens upstream the acceleration or 
deceleration zone, as the dopant is neutral, it does not senses the electrical field 
and its speed remains constant. Both these effects have as a result that some 
particles hitting the target have an energy different from the required one, thus 

20 leading to imprecisions in the amount of implanted material or to deviations of the 
implanting depth from the desired values, in spite of the continuous controls 
foreseen to this end. 

The problems due to the presence of residual gases can be attenuated 
• through improvement of vacuum throughout the ion beam path. However, the 

25 particular geometry and the reduced section of the acceleration and focalization 
unit hinder pumping, thus making difficult creating and maintaining a high 
vacuum degree. Besides, the vacuum degree can be degraded by outgassing of the 
surfaces present in the system. Among possible outgassing sources there are the 
same walls of the acceleration and focalization unit; the photoresist material 

30 present on the wafer, that upon ionic bombardment releases particularly hydrogen 
and hydrocarbons, with an increasing up to two orders of magnitude of the 
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pressure in the process chamber and possible back-diffusion of the thus generated 
gases into the acceleration and focalization unit; and the decomposition of some 
gases, such as AsHfe and PH3, used as carrier gases respectively for As and P, 
having as a consequence the release of hydrogen, the presence of which is 

5 considered particularly detrimental. 

The problem thus exists of guaranteeing a good vacuum degree in the 
acceleration and focalization unit, taking into account that its reduced dimensions 
decrease the conductance and do not favour the use of pumps for the creation and 
preservation of a satisfactory vacuum degree. 

10 From the PCT patent application publication WO 97/49109 it is known a 

pumping device using a non-evaporable getter material to keep a very high 
vacuum in a chamber defined by a metallic wall subject to outgassing. The non- 
evaporable material coats the inner surface of said chamber in form of a thin layer, 
preferably obtained by sputtering. Non-evaporable getter materials are commonly 

15 referred to in the technique as NEG materials, definition that will be used in the 
remainder of the text 

It is an object of the present invention to provide an acceleration and 
focalization unit for use inside an ion implanter wherein the vacuum is improved 
not only thanks to a more effective pumping, but also thanks to a reduced 

20 contribute of gases released from the material making up said unit of the ion 
implanter. 

This object is obtained with an acceleration and focalization unit of ion 
implanters for the production of semiconductor devices, comprising a metallic 
tubular element capable of defining the trajectory around a longitudinal axis of an 
25 ion beam of doping material in order to direct this onto a target in a process 
chamber downstream said unit, characterized in that its inner surface is coated, 
essentially totally, by a layer of a non-evaporable getter material. In a preferred 
embodiment of the present invention, the above said thin layer of NEG is obtained 
by sputtering. 

30 The main advantage of the unit of the invention is that it is thus reduced, in 

this section of the ion implanter, the number of gaseous molecules that could 
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modify the ions kinetic energy or neutralise them. 

Objects, advantages and characteristics of the unit of the invention for use in 
ion implanters will result more clearly by the following detailed description of a 
preferred embodiment thereof, that is given as a non limiting example with 
5 reference to the annexed drawings wherein: 

- Figure 1 shows a schematic diagram of an ion implanter, as it is used in 
particular in the production of semiconductor devices; 

- Figure 2 shows a preferred embodiment of the acceleration and 
focalization unit according to the present invention, referred to as numeral 3 in the 

10 schematic diagram of figure 1 ; and 

- Figure 3 shows, in enlarged scale, a cross-section view along line III-IH of 
figure 2. 

With reference to the figures, the general scheme of an ion implanter for the 
production of semiconductor devices is represented in figure 1, wherein section 1 
15 represents the ion source, that is, the section where ions are produced. 

Section 2 represents the separating magnet, capable of deflecting the neutral 
particles or ions of materials different from those to be used for doping. In this 
section the beam 10 of doping ions is formed. Subsequently said beam, 
comprising essentially only the desired doping ions, is forced to pass through 
20 section 3, representing the acceleration and focalization unit of the ion implanter, 
to finally reach the actual process chamber 4 where the target wafer is housed. 

Figure 2 is schematically shows a view along a longitudinal section of the 
acceleration and focalization unit 3, formed in this embodiment of a tubular 
element, 5, whose longitudinal axis X-X corresponds to the axis of the ion beam 
25 10. Although schematic, the picture of figure 2 shows a couple of openings 6, 6' 
and the corresponding pipings provided for connection with external pumping 
systems (not shown), suitable for preliminarily obtaining vacuum and contributing 
to its preservation into unit 3 during operation of the ion implanter. By numeral 7 
are instead represented the feedthroughs the electrodes (not shown) provided for 
30 creating the electrical field that accelerates and focalises beam 1 0. 

According to the present invention, as depicted in the section view of figure 
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3, the inner wall of unit 3 is coated with a layer 8 of NEG material, preferably 
deposited through sputtering, as taught in WO 97/49109. 

While acceleration and focalization unit 3 is preferably made of a steel 
tubular element, layer 8 may be formed by any NEG getter element or alloy 

5 known in the art. 

Most commonly used getter materials comprise the metals titanium and 
zirconium, their alloys with one or more elements chosen among the transition 
metals and aluminum, and mixtures among one or more of these alloys with 
titanium and/or zirconium. Preferred for the present application is the use of NEG 

10 materials having a relatively low activation temperature, preferably below 400 °C, 
such as for instance the titanium-zirconium-vanadium ternary alloys of the above 
cited published application WO 97/49109. 

Layer 8 will generally have a thickness comprised between 0.1 and 10 Jim, 
and preferably comprised between 1 and 5 |im; inside these ranges, said thickness 

15 will be generally higher the higher the diameter of unit 3. 

Clearly, at any exposure to air of the acceleration and focalization unit, an 
oxide layer will form onto layer 8 due to the great affinity that NEG materials 
have towards oxygen. The thickness of such oxide layer can be estimated around 
20 A. With a thickness of 1 jxm, this means a concentration of oxygen of about 

20 2% after 10 cycles, as said in WO 97/49109. This "poisoning" degree guarantees 
that the unit of the invention can be used for several operation cycles of the ion 
implanter, provided layer 8 is re-activated before any new cycle, bringing it at a 
temperature for instance of about 400 °C. Activation can be effected for instance 
by passing current in the layer, taking advantage of the same openings provided 

25 already for feedthroughs 7, or through suitable additional feedthroughs 9. 

It is finally important to note that in the unit of the invention, comprising a 
layer of NEG material as described above, the ion beam is directed along axis X- 
X with only minimal energy losses thanks to the high vacuum degree inside the 
unit, and that such vacuum degree is maintained even after many hours of 

30 operation thanks to the sorption action continuously carried out also on the 
outgassing products. 
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CLAIMS 

1. Acceleration and focalization unit (3) of ion implanters for the production of 
semiconductor devices, comprising a metallic tubular element (5) capable of 
defining the trajectory around a longitudinal axis (X-X) of an ion beam (10) of 
doping material in order to direct this onto a target in a process chamber (4) 
downstream said unit (3), characterized in that its inner surface is coated, 
essentially totally, by a layer (8) of a non-evaporable getter material. 

2. Unit according to claim 1, wherein layer (8) is deposited by sputtering. 

3. Unit according to claim 2, wherein the thickness of said layer (8) is comprised 
between 0.1 and 10 jam, 

4. Unit according to claim 3, wherein the thickness of said layer (8) is comprised 
between 1 and 5 (im. 

5. Unit according to claim 1, characterized by the fact of comprising connections (6, 
6') with external pumping systems. 

6. Unit according to claim 1, characterized by the fact of comprising feedthroughs 
(7) the electrodes creating the electrical field that accelerates and focalises said 
ion beam (10). 

7. Unit according to one or more of the preceding claims, wherein the non- 
evaporable getter material requires an activation temperature lower than 400 °C. 

8. Unit according to claim 7, wherein the non-evaporable getter material is a 
zirconium-titanium-vanadium alloy. 

9. Unit according to one or more of the preceding claims, characterized by the fact of 
comprising feedthroughs (9) for the passage of current for the activation of Hie 
non-evaporable getter material. 
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